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BROADBAND RADIO TRANSCEIVER WITH OPTICAL TRANSFORM 



FIELD OF THE DISCLOSURE 

[0001] This disclosure relates generally to the fields of wireless communications and 
silicon photonics. In particular, the disclosure relates to use of an optical transform to 
perform efficient modulation in ultra wideband radio systems. 

BACKGROUND OF THE DISCLOSURE 

[0002] Ultra wideband (UWB) radio systems provide large bandwidths. Deployment of 
UWB systems at low power levels is permitted within the 3.1-10.6 GHz spectrum (typically 
expected at 6 GHz or more). 

[0003] State of the art modulations schemes such as orthogonal frequency domain 
multiplexing (OFDM) can maintain orthogonality while splitting wide spectrum signals into 
sub-bands or combining sub-bands into wide spectrum signals. Currently, only bandwidths 
of less than 100 MHz have been able to exploit OFDM due to its large processing 
requirements. Even the high end digital samplers at 1-2 GHz, are still 6 times slower today 
than what may be needed. Unfortunately the digital signal processing power and sampling 
rates required by such state of the art modulation schemes may be prohibitive for UWB 
bandwidths in electronic circuitry anytime in the near future. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The present invention is illustrated by way of example and not limitation in the 
figures of the accompanying drawings. 

[0005] Figure 1 illustrates one embodiment of an ultra wideband transceiver radio 
system with optical transforms. 

[0006] Figures 2a-2b illustrate embodiments of ultra wideband radio receiver apparatus 
with optical transforms. 

[0007] Figures 3a-3b illustrate embodiments of ultra wideband radio transmitter 
apparatus with optical inverse transforms. 

[0008] Figure 4 illustrates a flow diagram of one embodiment of a process for 
orthogonal frequency domain multiplexing (OFDM) with optical transforms in an ultra 
wideband receiver. 

[0009] Figure 5 illustrates a flow diagram of one embodiment of a process for OFDM 
with optical transforms in an ultra wideband transmitter. 
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DETAILED DESCRIPTION 

[0010] Disclosed herein are processes and apparatus for an ultra wideband transceiver 
with optical transforms. One embodiment of a receiving apparatus includes an antenna to 
receive an ultra wideband radio signal having a plurality of modulation frequencies. A low 
noise amplifier is coupled with the antenna to drive a laser source from the ultra wideband 
radio signal to produce an optical signal having a plurality of spectral components. A 
diffraction grating transforms the optical signal into its spectral components. An array of 
photo-detectors converts the spectral components into electronic signals corresponding to the 
plurality of modulation frequencies. 

[0011] An embodiment of a transmitting apparatus includes an array of laser emitters 

driven by electronic signals corresponding to a plurality of channel modulation frequencies 

to produce optical signals corresponding to a plurality of spectral components. A diffraction 

grating inverse- transforms the spectral components into a composite optical signal. A 

photo-detector converts the composite optical signal into a composite electronic signal 

including the plurality of modulation frequencies. An amplifier amplifies the composite 

electronic signal for transmission as an ultra wideband radio signal. 

[0012] These and other embodiments of the present invention may be realized in 

accordance with the following teachings and it should be evident that various modifications 

and changes may be made in the following teachings without departing from the broader 

spirit and scope of the invention. It will be appreciated that while examples presented below 

illustrate using optical transforms for orthogonal frequency domain multiplexing (OFDM) in 

an ultra wideband (IEEE Std. 802.15.3a will be available from 
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standards.ieee.org/getieee802) transceiver, the techniques disclosed are more broadly 
applicable. For example, systems using the IEEE's 802.1 la (available from 
standards.ieee.org/getieee802) in the United States, titled "High Speed Physical Layer in the 
5GHz band, n or systems using the European Telecommunications Standards Institute's 
HiperLAN/2 (available from portal.etsi.org/bran/kta/Hiperlan/hiperlan2.asp), which stands 
for "High Performance Radio Local Area Network," may also make advantageous use of 
such techniques. The specification and drawings are, accordingly, to be regarded in an 
illustrative rather than restrictive sense and the invention measured only in terms of the 
accompanying claims. 

[0013] Figure 1 illustrates one embodiment of an ultra wideband transceiver radio 

system 101 with optical transforms 114 and 124. In receiver radio 102, an antenna 111 may 

receive a first ultra wideband radio signal having a plurality of modulation frequencies. A 

low noise amplifier 1 12 coupled with the antenna 1 1 1 drives a laser source of optical 

transform 1 14 from the first ultra wideband radio signal to produce an optical signal. 

[0014] Optical transform 1 14 separates the first optical signal into its spectral 

components, substantially performing the function of a Fourier transform. Photo-detectors 

convert the separate spectral components into a plurality of electronic signals that 

correspond to the plurality of modulation frequencies and transmit the plurality of electronic 

signals to receiver circuitry 1 16. Receiver circuit 1 16 may perform well known operations 

of OFDM, such as demapping, deinterleaving, and forward-error-correction (FEC) decoding. 

[0015] Receiver circuit 1 16 is coupled with transmitter circuit 1 10 and control circuit 

1 19 via bus 1 18. Transmitter circuit 1 10 may perform well known operations of OFDM 

such as FEC convolutional encoding, interleaving and mapping. A second plurality of 
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electronic signals corresponding to the plurality of modulation frequencies drive laser 
emitters to produce a plurality of optical signals of corresponding spectral components. 
Optical inverse transform 124 consolidates the plurality of optical signals into a second 
optical signal including their corresponding spectral components, substantially performing 
the function of an inverse-Fourier transform. A photo-detector converts the second optical 
signal into a composite electronic signal including the plurality of modulation frequencies 
and transmits the composite electronic signal to processing block 123. Processing block 123 
may perform well known operations of OFDM, such as guard interval (GI) addition, symbol 
wave shaping and interphase/quadrature (IQ) modulation. A high power amplifier 122 
coupled with antenna 111, amplifies the composite electronic signal including the plurality 
of modulation frequencies for transmission by antenna 1 1 1 as a second ultra wideband radio 
signal. 

[0016] It will be appreciated that a UWB transceiver radio system using optical 
transforms 114 and 124 may provide for optical processing of GHz wide spectrum, which 
may not be possible anytime in the near future for electronic processing techniques. For 
example, state-of-the-art electronic samplers currently digitize samples at rates of 1- 
1.5 GHz, but to meet the Nyquist criteria for 6GHz of bandwidth would require at least a 
12GHz sampler. Therefore, even if such samplers were available, optical processing may 
provide for solutions at reduced cost and reduced power consumption. It will also be 
appreciated that transceiver radio systems may also benefit from an optical transform only in 
the receiver or in the transmitter, rather than both. 

[0017] Figures 2a illustrate one embodiment of ultra wideband radio receiver apparatus 
201 with an optical transform. Antenna 21 1 may receive an ultra wideband radio signal 
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having a plurality of modulation frequencies. Low noise amplifier 212 is coupled with 
antenna 21 1 to drive a laser source 213 from the ultra wideband radio signal to produce an 
optical signal having a plurality of spectral components. Laser source 213 may be an edge 
emitting laser, such as a Fabry-Perot laser fir example, or may be a vertical cavity surface- 
emitting (VCSEL) laser. Diffraction grating 214 transforms the optical signal into its 
spectral components. Transforming the optical signal is accomplished by transmitting the 
optical signal through diffraction grating 214. A plurality of photo-detectors 215 convert the 
optical spectral components into electronic signals corresponding to the plurality of 
modulation frequencies and transmits the electronic signals to receiver circuitry 116. As in 
Figure 1, receiver circuit 1 16 may perform well known operations of OFDM, such as 
demapping,deinterleaving, and FEC decoding. 

[0018] Figures 2b illustrate an alternative embodiment of ultra wideband radio receiver 
apparatus 202 with an optical transform. In similarity to Figure 2a, antenna 21 1 may receive 
an ultra wideband radio signal having a plurality of modulation frequencies and amplifier 
212 drives laser source 213 from the ultra wideband radio signal to produce an optical signal 
having a plurality of spectral components. Diffraction grating 224 transforms the optical 
signal into its spectral components. In this case, transforming the optical signal is 
accomplished by reflecting the optical signal with diffraction grating 224. Photo-detectors 
215 convert the optical spectral components into electronic signals corresponding to the 
plurality of modulation frequencies and transmits the electronic signals to receiver circuitry 
116. 

[0019] Figures 3a illustrates one embodiment of an ultra wideband radio transmitter 

apparatus 301 with an optical inverse transform. A plurality of laser emitters 313 are driven 
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by electronic signals corresponding to a plurality of modulation frequencies to produce 
optical signals corresponding to a plurality of spectral components. The plurality of laser 
emitters 313 may comprise edge emitting lasers and/or VCSEL lasers. For one embodiment, 
emitters 313 comprise a coherent array of emitters, for example, being generated from a 
single laser source and independently modulated with electro-absorption modulators or 
lithium-niobate modulators. Diffraction grating 314 inverse transforms the optical signals 
into a composite optical signal including the plurality of spectral components. Inverse- 
transform of the optical signals is accomplished by transmitting the optical signals through 
diffraction grating 314. Photo-detector 315 converts the composite optical signal including 
the plurality of spectral components into a composite electronic signal including the plurality 
of modulation frequencies and transmits the composite electronic signal to processing block 
323. As above, processing block 323 may perform well known operations of OFDM, such 
as GI addition, symbol wave shaping and IQ modulation. A high power amplifier 322 is 
coupled with an antenna 321 to amplify the composite electronic signal including the 
plurality of modulation frequencies for transmission by antenna 321 as an ultra wideband 
radio signal. 

[0020] Figures 3b illustrates an alternative embodiment of an ultra wideband radio 
transmitter apparatus 302 with an optical inverse transform. In similarity to Figure 3a, laser 
emitters 313 are driven by electronic signals corresponding to a plurality of modulation 
frequencies to produce optical signals. Diffraction grating 324 inverse transforms the optical 
signals into a composite optical signal. Inverse transform of the optical signals is 
accomplished by reflecting the plurality of optical signals with the diffraction grating 324. 
Photo-detector 315 converts the composite optical signal into a composite electronic signal 
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including the plurality of modulation frequencies and transmits the composite electronic 
signal to processing block 323, which transmits to high power amplifier 322 to amplify the 
composite electronic signal for transmission by antenna 321 as an ultra wideband radio 
signal. 

[0021] It will be appreciated that through the use of optical based Fourier transforms and 
inverse-Fourier transforms, reductions may be made in the speed and power requirements of 
the electronic processing components while still providing for very high UWB system 
performance. 

[0022] Figure 4 illustrates a flow diagram of one embodiment of a process for OFDM 
with optical transforms in an ultra wideband receiver. Process 401 and other processes 
herein disclosed are performed by processing blocks that may comprise dedicated electronic 
or photonic hardware or software or firmware operation codes executable by general purpose 
machines or by special purpose machines or by a combination of both. It will be appreciated 
that while process 401 and other processes herein disclosed are illustrated, for the purpose of 
clarity, as processing blocks with a particular sequence, some operations of these processing 
blocks may also be conveniently performed in parallel or their sequence may be 
conveniently permuted so that the some operations are performed in different orders, or 
some operations may be conveniently performed out of order. 

[0023] In processing block 41 1, a wideband radio signal having a plurality of modulation 

frequencies is received, for example a UWB signal. Processing proceeds in processing block 

412 where the ultra wideband radio signal is electronically amplified, for example through a 

low noise amplifier 1 12, to directly modulate a laser emitter in processing block 413 to 

produce an optical signal having a plurality of spectral components. In processing block 
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414, an optical Fourier transform is performed on the optical signal. Processing continues in 
processing block 415 where the separate spectral components are received and converted by 
corresponding photo-detectors into electronic signals corresponding to modulation frequency 
channels. 

[0024] It will be appreciated that while examples herein presented illustrate the use of 
optical Fourier transforms for OFDM, for example in a UWB tranceiver (IEEE Std. 
802.15.3a, not currently available), or for example in a system using IEEE Std. 802.1 la 
(available from standards.ieee.org/getieee802); it is not necessary that any particular OFDM 
standard be used, and therefore processing blocks which may perform processing specific to 
OFDM may be considered optional. In processing block 416 the electronic signals are 
amplified and processing optionally proceeds to processing block 417 where OFDM 
demapping and deinterleaving occurs. Finally in processing block 418 optional forward- 
error-correction (FEC) decoding occurs. 

[0025] Figure 5 illustrates a flow diagram of one embodiment of a process for OFDM 

with optical inverse-Fourier transforms in an ultra wideband transmitter. In processing 

block 511, optional FEC convolutional encoding occurs. Processing then optionally 

proceeds to processing block 512 where OFDM interleaving and mapping occurs. 

Processing then proceeds to processing block 513 where a plurality of laser emitters are 

directly modulated by electronic signals corresponding to a plurality of modulation 

frequencies to produce optical signals corresponding to a plurality of spectral components. 

In processing block 514 an optical inverse-Fourier transform is performed on the optical 

signals to produce a composite optical signal including the plurality of spectral components. 

In processing block 515, a photo-detector receives and converts the composite optical signal 
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including the plurality of spectral components into a composite electronic signal including 
the plurality of modulation frequencies. Processing optionally proceeds in processing blocks 
516-518 where OFDM processing: guard interval (GI) addition, symbol wave shaping and 
interphase/quadrature (IQ) modulation occurs. Processing then proceed to processing block 
519 where the composite electronic signal including the plurality of modulation frequencies 
is amplified for transmission, for example as a UWB radio signal. 
[0026] The above description is intended to illustrate preferred embodiments of the 
present invention. From the discussion above it should also be apparent that especially in 
such an area of technology, where growth is fast and further advancements are not easily 
foreseen, the invention may be modified in arrangement and detail by those skilled in the art 
without departing from the principles of the present invention within the scope of the 
accompanying claims. 



42P15139 



-10- 



